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ABSTRACT
The 14-16 kDa rice allergenic proteins have been reported to be the products of a multigene family, and react most frequently
with IgE in serum of rice allergic patients. The aim of this study was to assay the content of endogenous 14-16 kDa rice major
allergenic proteins in both phytase-transgenic (GR) and non-transgenic rice (NR) (wild-type, Oryza sative L. cv. Tainung 67). We
want to investigate whether the foreign gene will change the allergenicity of rice or not, should be evaluated in order to clarify its
pre-market safety. First, the RA17 gene encoding 16 kDa rice allergenic protein was amplified by reverse transcription-polymerase
chain reaction (RT-PCR), and cloned into the expression vector pET-29a(+). The constructed expression vector, pET-29a(+)-RA17,
was transformed into Escherichia coli BL21 (DE3). The host strain was induced to express recombinant RA17, which was purified
by Ni2+-NTA resin column and used as the antigen for the production of a polyclonal antibody via rabbits. We used the antibody as a
detective tool of western blotting and enzyme-linked immunosorbent assay (ELISA) methods. The western blotting analysis showed
that the content of major allergenic proteins in phytase-transgenic rice was 96.3% of that in wild-type rice. The content of 14-16 kDa
allergens estimated by ELISA were 1.73 ± 0.09 (NR) and 1.66 ± 0.08 mg/g (GR). The results indicated that the level of 14-16 kDa
allergens was not significantly different (p > 0.05) between wild-type rice and phytase-transgenic rice, and the transformation of
phytase gene into rice plant did not enhance the content of rice major allergenic proteins in transgenic rice.
Key words: rice allergenic protein, safety assessment, phytase-transgenic rice, transgenic crop

INTRODUCTION
More than 50% of the world population consumes
rice and in South and East Asian countries, rice accounts
for 25-80% of daily caloric intake (1). Allergic reactions
to rice proteins were first reported in Japanese patients
with a history of asthma induced by rice flour ingestion(2).
In Western countries, 0.7-2% of the population has a rice
allergy(3). Although rice hypersensitivity is rare in both
Western and Eastern populations, clinical studies of riceinduced allergies in Japan have reported severe atopic
dermatitis and bronchial asthma (4,5).
Proteins are the major allergens in food. Known
food allergens generally have molecular weights between
10 and 70 kDa, stimulate the immune response. Those
allergenic proteins are stable and resistant to processing,
cooking and digestion(6). Several rice seed proteins,
including those with molecular mass of 14-16, 26, 33 and
* Author for correspondence. Tel: +886-4-22840386 ext. 3020;
Fax: +886-4-22876211; E-mail: wzhwang@dragon.nchu.edu.tw

56 kDa, react with IgE antibodies from patients with a
suspected rice allergy(7). A group of 14-16 kDa homologous rice seed proteins recognized by IgE in 90-95% of
these patients were isolated and identified as a-amylase
inhibitors. These immunologically cross-reactive proteins
comprise a multigene family(8-10) and have been characterized as major rice allergens (RAs)(11). Deduced amino acid
sequences show that these 14-16 kDa allergens (RAG2,
RA5, RA5B, RA14, RA14B, RA14C, RA16, RA17) are
structurally homologous to each other. These sequences
are also similar to those of the a-amylase/trypsin inhibitors of other cereal species, especially in the number and
distribution of cysteine residues(12). Wheat and barley
α-amylase/trypsin inhibitors are the major allergens associated with baker’s asthma(13). It is well established that
respiratory reactions to cereals are associated with bakers’
asthma, in which the airborne transport and the major
allergenicity of the 16 kDa a-amylase/ trypsin inhibitors
have been proven(14).
In recent years, genetic engineering techniques have
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been applied to agricultural crops, and a number of genetically modified crops have been developed. Because the
transferred genes code for proteins that are ordinarily not
present in these particular foods, there is a concern about
the potential allergenicity of these new crop varieties(6).
Therefore, it is necessary to ensure that the novel gene
products introduced into genetically modified crops are
not allergenic and that the process of transformation does
not cause unwanted changes in the characteristics and/or
expression levels of endogenous allergenic proteins(15).
Phytase-transgenic rice with exogenous-phytase
appA gene from Escherichia coli(16) which produced
phytase to improve the bioavailability of phosphorus by
degrading phytate-phosphorus to release phosphorus.
Based on the regulatory standards for genetically modified
organisms, the food safety of transgenic rice must be carefully examined before commercial application. “Substantial equivalent” is the basis of the regulatory standards and
has been used to determine the food safety of transgenic
crops(15,17,18). In order to confirm the allergenicity of
phytase-transgenic rice, in this study, we used the Western
blotting and ELISA methods to detect the the content of
the 14-16 kDa major allergens in phytase-transgenic and
non-transgenic rice. First, the PT-PCR method was used to
clone the gene encoding the 16 kDa rice allergy protein,
RA17. The cloned gene was transformed to expression
vector, and then the recombinant RA17 was induced in the
expression host (Escherichia coli BL21). The recombinant
protein was used for antibody production to assess the
endogenous levels of 14-16 kDa major allergens in both
phytase-transgenic and non-transgenic rice by Western
blotting and ELISA methods.

MATERIALS AND METHODS
I. Phytase-transgenic Rice and Non-transgenic Rice
Polished transgenic rice (Nat-ANN) (GR) with
phytase appA gene from E. coli strain B (ATCC 11303)(16)
and non-transgenic parent rice (wild-type) (NR) (Oryza
sative L. cv. Tainung 67) were obtained from InGene Co.,
Taichung, Taiwan, and the National Agriculture Research
Institute (NARI), Taichung, Taiwan, respectively.
II. Cloning of the RA17 Gene
Total RNA was extracted from rice seed flour
according to the method of Gao(19) et al. Purity of the
resulting RNA was monitored by measuring the OD260/
OD280 ratio, and RNA was fractionated by 1.5% agarose
gel electrophoresis, followed by staining with ethidium
bromide and examining visually under UV transillumination. SuperScriptTM III reverse transcriptase (Invitrogen,
USA) was used for first-strand cDNA synthesis. RA17
cDNA was obtained by PCR amplification with the primer
pairs: forward primer (the NdeI recognition sequence is
underlined), 5’-AATAATCATATGGCTTCCAACAAGGTAGTGTTCTC-3’ and reverse primer (the XhoI recognition
sequence is underlined.), 5’-AATAATCTCGAGGTGACCGGTTCTTGGGGTCC-3’, according to the nucleotide
sequence of RA17 cDNA (GenBank accession number
D11431) (Figure 1). DNA amplification was performed with
Ex TaqTM polymerase (TaKaRa, Japan) under the following
conditions: 1 cycle at 94°C for 10 min, 35 cycles at 94°C
for 30 sec, 62.5°C for 30 sec, and 72°C for 30 sec, and

Figure 1. Nucleotide and deduced amino acid sequences of RA17 cDNA (GenBank accession number D11431, 489 bp.). Numbers in the right
margin refer to arbitrary positions of the nucleotide and amino acid sequences. An ATG start codon is underlined, and a TAG stop codon at the
end of the open reading frame is indicated by an asterisk (*).
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finally 72°C for 10 min. PCR products were analyzed by
electrophoresis on a 2% agarose gel. The target DNA bands
were purified using the Gene-SpinTM 1-4-3 DNA Extraction kit (Protech, Taiwan) and then ligated into the plasmid
pGEM-T Easy Vector (Promega) for DNA sequencing.
Analysis of nucleotide and amino acid sequence homology
was performed using BLAST software. Comparison of
amino acid sequences with those for other reported 14-16
kDa allergenic proteins was carried out using the Database
of Biology WorkBench (http://workbench.sdsc.edu).
III. Construction of a RA17 Expression Vector and Expression of Recombinant RA17
The RA17 gene fragment was excised from the
pGEM-T Easy plasmid using NdeI and XhoI restriction
enzymes (Promega). The fragment was gel-purified and
subcloned into the NdeI and XhoI sites of the pET-29a(+)
expression vector (Novagen) to generate recombinant
pET-29a(+)-RA17 vector. The DNA sequence of the
construct was confirmed by sequencing. The plasmid
was then transformed into host strain E. coli BL21 (DE3).
E. coli BL21(DE3)/pET-29a(+)-RA17 was grown at 37°C
in Luria-Bertani broth supplemented with kanamycin
(30 µg/mL) with shaking (150 rpm). When the OD600 =
0.6-0.8, isopropyl-thio-β-d -galactoside (IPTG) was added
to the medium at a final concentration of 0.05 mM, and
bacteria were grown for an additional 4 h. The induced cells
were harvested by centrifuging at 10,000 ×g for 30 min at
4°C. Both the supernatant and the pellets were analyzed by
SDS-PAGE on a 12.5% (w/v) polyacrylamide gel.
IV. Purification of Recombinant RA17 Protein
Recombinant RA17 (rRA17) protein, containing a
6His affinity tag, was purified with a Ni2+-NTA resin
affinity column according to the manufacturer’s protocol
(Qiagen). The cell pellets were resuspended in extraction
buffer [50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 0.1% (v/v)
TritonX-100, 20% (v/v) glycerol, 15 mM β-mercaptoethanol,
1 mM phenylmethylsulfonyl fluoride (PMSF), 100 μg/mL
lysozyme] and disrupted using a sonicator. The precipitate was rinsed with 50 mM Tris-HCl (pH 8.0), 2.5 M
NaCl, 0.1% (v/v) Triton X-100, 20% (v/v) glycerol, 15 mM
β-mercaptoethanol, 1 mM PMSF. The pellets were collected
by centrifugation for 15 min at 12,000 ×g (4°C) and resuspended in denaturing buffer [50 mM Tris-HCl (pH 8.0),
150 mM NaCl, 0.1% (v/v) Triton X-100, 20% (v/v) glycerol,
15 mM β-mercaptoethanol, 8 M urea, 1 mM PMSF]. The
supernatant was incubated with Ni2+-NTA resin for 1 h
and then applied to the column. The resin was washed with
10 mM Tris-HCl, 100 mM NaH2PO4, 8 M urea (pH 6.3) and
then with 10 mM Tris-HCl, 100 mM NaH2PO4, 8 M urea
(pH 5.9) until the OD280 < 0.01. rRA17 was eluted using
10 mM Tris-HCl, 100 mM NaH2PO4, and 8 M urea (pH
4.5). Amicon Ultra-4 centrifugal filter devices (membrane
cutoff 30K/10K, Millipore) were used to further concentrate

and desalt purified rRA17. The protein concentration was
determined by the Bradford method(20) with bovine serum
albumin (Sigma) as the standard.
V. Preparation of a Polyclonal Antibody Against rRA17
New Zealand Rabbits (weight about 2 kg) were
obtained from Livestock Research Institute Council of
Agriculture, Hsinchu, Taiwan and were immunized with
purified rRA17. The protein was diluted to 300 µg/mL in
complete Freund’s adjuvant (Sigma) for the first injection (1 mL) and in incomplete Freund’s adjuvant (Sigma)
for subsequent injections (1 mL each). Injections were
repeated four times at 2-week intervals. Blood was drawn
from the rabbits and then was centrifuged at 3,000 rpm.
The anti-RA17 activity of serum was detected by Western
blot analysis.
VI. Preparation of Salt-Soluble Rice Protein Extracts
Salt-soluble rice proteins were extracted according
to the method of Nakase (9) et al. with some modifications.
A total of 100 g rices from NR and GR were ground individually, and each sample was processed twice in extraction operation. Rice powder was dissolved in 1 M NaCl
at 4°C for 2 h with shaking. The salt-soluble fraction of
rice was extracted by ultrasonication at 4°C for 5 min (six
times), and the slurry was centrifuged at 10,000 ×g for
15 min at 4°C. The supernatant was used for SDS-PAGE,
Western blotting and ELISA analysis.
VII. SDS-PAGE and Western Blotting Analysis
SDS-PAGE (12.5% acrylamide gel) and Western
blotting were performed according to the methods of
Laemmli(21) and Towbin(22) et al., respectively. Proteins in
the gel were stained with Coomassie Brilliant Blue R-250.
Proteins separated by SDS-PAGE were electrophoretically transferred to a nitrocellulose membrane (Millipore,
Bedford, MA, USA). The membrane was blocked with
5% skim milk in Tris-buffered saline [20 mM Tris-HCl
(pH 7.5) and 0.5 mM NaCl]. Subsequently, the membrane
was washed with Tris-buffered saline containing 0.05%
Tween-20 (v/v) and incubated with rabbit anti-RA17 sera
(diluted 1/3,000) for 2 h at 37°C. The specific hybridization signal was detected after incubation with horse radish
peroxidase-conjugated goat anti-rabbit IgG (diluted 1/5,000,
Invitrogen) for 2 h at 37°C, followed by the addition of the
color development reagent TMB (Tetramethyl benzidine,
Invitrogen). The intensity of each protein band was analyzed
with a densitometer (Alpha Innotech Corp., CA, USA).
VIII. Enzyme-Linked Immunosorbent Assay (ELISA)
ELISA assay was performed to determine the content
of 14-16 kDa rice allergen (RA) proteins, according
to a modified method as described by Ito et al. (23). The

61
Journal of Food and Drug Analysis, Vol. 19, No. 1, 2011

crude proteins extracted as described above were used as
a sample solution and the purified rRA17 as a standard
protein. 5 µg crude protein /mL of rice sample was used to
assay. Each measurement was made in triplicate for each
of the rice extracts. The protein was dissolved in the 0.1
M carbonate buffer (0.08 M Na 2CO3, 0.12 M NaHCO3,
pH 9.6). Microtiter plates were coated with 100 µL/well
of protein solution, incubated at 4°C overnight. The plate
was washed with PBST [10 mM phosphate-buffered saline
(pH 7.4), containing 0.05% Tween 20 (v/v)] and blocked
with 1% BSA in PBST at 37°C for 2 h. It was incubated
with the antibody to rRA17. The antibody that reacted
with the proteins was determined, using HRP-conjugated
goat anti-rabbit IgG (Invitrogen). The plate was further
washed and developed with TMB solution (Invitrogen).
The reaction was stopped by adding 2 N H 2SO4. The color
intensity of the mixture was detected at 450 nm with a
microtiter plate reader (Bio-Rad, USA).

RESULTS AND DISCUSSION
I. Cloning and Sequencing of Rice RA17 cDNA

IX. Statistical Analysis
Statistical analysis was performed with SPSS software.
The significance of differences between experimental
groups was analyzed using Student’s paired t-test. Values
are reported as the mean ± SD. Differences in means were
considered significant if p < 0.05.

Figure 2. Electrophoresis of RT-PCR products amplified from
non-transgenic (NR) (lane 2) and phytase-transgenic (GR) (lane 3)
Tainung 67 rice cDNA using the RA17-forward and RA17-reverse
primers. Lane 1: 100 bp ladder DNA marker.

Figure 3. Alignment of deduced amino acid sequences of the 14-16 kDa rice allergens. Single, fully conserved residues are indicated by an
asterisk(*). Highly conserved and waekly conserved residues are indicated by a colon (:) and a period (.), respectively. %Id, indicates percentage
of amino acid sequence identity. (RA17, PIR accession number S21157; RA16, accession number S59924; RA14, accession number S31080;
RA14B, accession number S59922; RA14C, accession number S59923 ; RA5, accession number S31078 ; RA5B, accession number S59925;
RAG2, accession number S31082). Protein Information Resource (PIR) net (http://pir.georgetown.edu).
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Starch is the major constituent of milled rice and
represents about 90% of the dry matter (24). When we used
Trizol reagent (invitrogen) to extract rice RNA, a large
amount of starch in the rice bound to RNA and formed
a gelatinous pellet. The pellet was difficult to dissolve
in water, and little RNA was obtained. Thus, we tried
Gao’s modified phenol/SDS method and found that starch
interference was eliminated by adding polyvinylpyrrolidone (w/v), BSA (w/v), and DTT (dithiothreitol) to the
extraction buffer. The Gao’s method also yielded high
quality RNA from rice endosperm tissues, judging by the
A 260/A 280 absorption ratio. The A 260/A 280 ratio of total
RNA isolated from wild-type and phytase-transgenic
rices was about 1.80. Gao’s method yielded 200-250 μg
of total RNA from 1 g of rice endosperm tissues. This
RNA was used successfully for RT-PCR. First-strand
RA17 cDNA was obtained by PCR amplification of total
RNA of rice (Figure 2). The amplified cDNA (predicted
product of 507 bp) contained the 486 bp coding sequence
of full-length RA17.
Degenerate oligonucleotide primers were designed for
PCR amplification of rice cDNAs. The primers were based
on known amino acid sequences of the full nucleotide
sequence encoding rice RA17. PCR predominantly yielded
an about 500 bp fragment in wild-type and phytase-transgenic rice (Figure 2). The amplified fragment was gel purified and subsequently cloned. Isolation and sequencing of
the cDNAs revealed a 486 bp open reading frame coding
162 amino acid residues. BLAST results confi rmed that
the sequence was identical to the nucleotide sequence for
the rice RA17 gene in the Genbank database, indicating
that we obtained the target gene fragment and that RA17
mRNA exists in wild-type and phytase-transgenic rice
endosperm tissues. The DNA sequencing from wild-type
and phytase-transgenic rice cDNA both showed 100%
identity with RA17. Comparisons of RA17 sequence and
other 14-16 kDa rice allergens (RAs) revealed different
degrees of amino acid (Figure 3) identity: RA16 (66%),

RA14 (77%), RA14B (76%), RA14C (73%), RA5 (71%),
RA5B (71%), and RAG2 (77%).
II. Expression and Purification of rRA17
In the strain E.coli BL21(DE3)/pET-29a(+)-RA17
(Figure 4), the RA17 gene with a histidine tag at the C
terminus was cloned and maintained under the control of
the T7 promoter. After induction of expression with IPTG,
total cell lysates from E. coli BL21(DE3) cells harboring
the plasmid showed a predominant band corresponding
to the expected size of RA17 (about 18 kDa) (Figure 5,
lane 2). Different IPTG concentrations (0.5, 0.1, 0.05 and
0.01 mM) and induction times (0, 2, 4 and 6 h) were tested.
Protein induction reached a maximum at 4 h after addition of 0.05 mM IPTG at 37°C (data not shown). In order
to examine if rRA17 was expressed in a soluble form, the
induced cells were disrupted by sonication. After centrifugation, the resulting supernatants and pellets were analyzed
by SDS-PAGE (Figure 5, lane 3 and 4). These induced E.
coli culture fractions revealed that rRA17 was expressed in
inclusion bodies (Figure 5, lane 4). Izumi(25) et al. reported
that RA17 has five intra-molecular disulfide bonds: Cys34 Cys94, Cys26 -Cys50, Cys51-Cys110, Cys12-Cys62 and Cys64 Cys122. This type of structure is prone to forming inclusion
bodies when expressed in E. coli(26). We used a sonicator
and the extraction buffer (containing β-mercaptoethanol
and glycerol to prevent disulfide cross-linkage and
hydrophobic interaction between proteins) to disrupt and
extract the inclusion bodies. The background proteins
were removed by adding sodium chloride to the extraction
buffer. Finally, after urea as a denaturant was added to the
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Table1. Detection of 14-16 kDa rice allergens (RAs) content from
salt-soluble proteins of non-transgenic and phytase-transgenic
Tainung 67 rice by Western blotting intensity* and ELISA method**
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72

43
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Figure 7. SDS-PAGE and Western blotting of salt-soluble proteins
from non-transgenic (NR) and phytase-transgenic (GR) rice. Saltsoluble proteins were extracted from rice powder with 1 M NaCl. M:
protein marker. (A) Gels were stained with Coomassie brilliant blue.
(B) Blotted membranes were immunostained with rabbit antiserum
against rRA17.

extraction buffer, the inclusion bodies become solubilized
proteins to be used to subsequently purify the rRA17(27).
The histidine-tagged fusion protein was purified to homogeneity by Ni2+-NTA resin chromatography (Figure 5, lane
5). The N-terminal amino acid sequence of purified rRA17
was MASNKVVFSV, in agreement with the native RA17
protein. These results indicated that rRA17 produced by the
E. coli expression system was highly pure.
III. Detection of the 14-16 kDa Rice Allergens in Phytasetransgenic and Wild-type Rice
Shim et al. (2001)(28) identified 45QVWQDCCQR 54L,

NR
GR
(Non-transgenic rice) (Transgenic rice)

Western blotting intensity
(arbitrary unit)*

100 %

96.3 %

14-16 kDa rice allergens
(mg/g)**

1.73 ± 0.09 a

1.66 ± 0.08 a

* The intensity of the 14-16 kDa rice allergen band from Western
blotting (Figure 7) was measured by a densitometric analysis. The
intensity value of band in non-transgenic rice was set to 100 as a
control group.
**Statistical analysis was performed with SPSS software, the t-test
was used to compare the level of the 14-16 kDa RAs. Data represents the mean value ± standard deviation (n = 6). The result was
not significantly (p > 0.05) different from each other.

56

AVDDGWCRCGA67 L and 91FPGCRRG 98D as three
epitope regions in RA17. The core epitopes recognized
by an RA-specific human monoclonal antibody were
47
WQDCC52R and 60 GWC63R. A combined search
revealed high identity with other 14-16 kDa rice allergens
(RAs) that aligned with RA17 at these core epitope positions (60% identity with RA16, 80% identity with RA14,
80% identity with RA14B, 80% identity with RA14C,
70% identity with RA5, 70% identity with RA5B and
80% identity with RAG2) (Figure 6). The high sequence
similarity between RA17 and other 14-16 kDa RAs
suggests that the rabbit rRA17 polyclonal antibody may
also recognize other 14-16 kDa RAs. In previous studies
it was found that monoclonal and polyclonal antibodies
raised against the 16 kDa allergenic protein cross-reacted
with other 14-16 kDa rice allergens(29). Therefore, we
used rRA17 polyclonal antibody to detect the content
of 14-16 kDa rice allergens. The level of 14-16 kDa rice
allergens (RAs) in rice was assessed by SDS-PAGE
and Western blotting (Figure 7A and 7B). Immunoblot
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analyses of total protein extracts from wild-type and
phytase-transgenic rice were performed with polyclonal
anti-rRA17. The blotting sites of bands both revealed in
14-16 kDa M.W. region. A single immunopositive band
of 14-16 kDa proteins was observed in extracts from both
types of rice (Figure 7B), indicating that polyclonal antibody specifically recognized the 14-16 kDa RAs in rice.
The relative intensities of the 14-16 kDa RAs bands, as
measured densitometrically (Table 1), and the intensity
value of Western blotting in non-transgenic rice was set
to 100 as a control group. The results of blotting intensities were not significantly different between wild-type
rice (100) and phytase-transgenic rice (96.3). The results
showed that the content of the 14-16 kDa RA proteins
was only slightly different between non-transgenic and
phytase-transgenic rice. On the other hand, we used the
purified rRA17 as a standard protein and ELISA method
to assay the content of 14-16 kDa RA proteins. The standard quantitative curve was linear from 50 to 1,000 ng/
mL of rRA17, and expressed as y = 0.0014x (r = 0.987),
where x is the concentration of protein and y is the absorbance at 450 nm by subtracting the control group value.
According to Fuller’s (30) method, the detection limit of
rRA17, defined as the A450 of 1.5 times the background
control, was 60 ng/mL of rRA17. To detect the coating
efficiency on the ELISA, the absorbance value was nearly
equal to background control, when coating solution below
50 ng protein/mL (40, 25, 10 ng/mL) was assayed, and
rRA17 coating concentration above 1,200 ng/mL was
not proportional to the absorbance value. The results
measured in wild-type and phytase-transgenic rice are
shown in Table 1. The level of 14-16 kDa RA proteins
in wild-type rice (1.73 ± 0.09 mg/g) was slightly higher
than phytase-transgenic rice (1.66 ± 0.08 mg/g). The
contents of major allergenic proteins in both rices were
not significantly different ( p > 0.05). The data agree with
the result described by Ito et al.(23), that 14-16 kDa RA
content in intact rice grains was 1.3 to 1.7 mg/g dry rice
grain. These data were also consistent with Takagi(18) et
al. who reported that the levels of 14-16 kDa allergenic
proteins were essentially equivalent in transgenic 7Crp
(seven predominant human T cell epitopes) rice and nontransgenic rice. The content of 14-16 kDa RA proteins in
these two kinds of rice was almost equivalent, and expression of the phytase exogene in phytase-transgenic rice did
not alter the expression level of endogenous 14-16 kDa
RA proteins.
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